###### Key questions

What is already known?
======================

-   Evidence from previous outbreaks of Ebola virus disease (EVD) and other infectious diseases suggests that the use of primary health services usually declines among the general public, which can lead to important declines in population health.

-   To our knowledge, there have been no evaluations of policies or strategies implemented to mitigate the impact of EVD outbreaks on the use of health services in any international context.

-   The introduction of user fee exemption or other free care policies (FCPs) to incentivise health service utilisation have been evaluated in a number of Sub-Saharan African countries contexts, however, none have been evaluated in the context of an outbreak of EVD or other infectious diseases.

What are the new findings?
==========================

-   Our findings provide strong evidence that utilisation rates of many primary health services increased with the implementation of the FCP, although most increases were not sustained after the FCP ended.

-   Total visits and treatments for pneumonia and diarrhoea saw the largest increases while some services, such as those involving needles and blood, were not affected by the FCP.

What do the new findings imply?
===============================

-   The available scientific evidence suggests that FCPs may be an effective strategy to mitigate the impact of EVD outbreaks on the use of health services among the general public, even in resource poor settings.

-   Further research is needed to understand how such policies can be better implemented and additional strategies should also be explored.

-   Routine health information system data can be a useful tool to study the impact of FCPs and other short-term policies in low income country settings.

Introduction {#s1}
============

Widespread disruption to health systems has been observed during previous major outbreaks of infectious diseases.[@R1] For example, during the 2014--2016 outbreak of Ebola virus disease (EVD) in West Africa, the use of health services greatly declined in heavily affected countries.[@R3] Communities were fearful and lacked trust in the health system, which not only impeded response efforts, but also deterred health seeking behaviour.[@R5] Overall use of health services decreased by 18% during the peak of the outbreak.[@R7] Reductions were seen for maternal and child health services,[@R1] as well as treatments for priority diseases such as malaria[@R10] and HIV.[@R12] It has been estimated that reductions in the use of health services led to mortality increases similar in magnitude to those directly attributable to EVD.[@R8] Moreover, studies have shown that patterns of health seeking behaviour were disrupted for months after the outbreak.[@R1]

As a result, implementing policies to mitigate these impacts should be a priority. In Africa, user fee exemption policies or other free care policies (FCPs) have been a popular approach to incentivise health service utilisation, especially in the use of maternal and child healthcare services. However, studies have shown mixed evidence with regards to their effectiveness in various contexts.[@R15] Weak study designs, many of which lacked an adequate control group, may partially explain the mixed evidence.[@R16] An evaluation of a previous FCP introduced in the Democratic Republic of Congo (DRC) in 2008, unrelated to an EVD outbreak, also demonstrated mixed results and the programme was not sustained.[@R19] While FCPs have been implemented in previous EVD outbreaks in DRC, to date, there have been no evaluations of their impact, where in addition to the usual concerns, additional challenges may further limit the effectiveness of such policies.

FCPs could provide benefits in two ways during an outbreak. First, it could encourage early identification and treatment of the disease itself---a factor that is believed to be a key predictor of Ebola survivorship. Second, it could help increase or maintain the use of other beneficial health services among the general population. Based on the intervention theory of health user fee exemption policies developed by Robert *et al*, a FCP should allow households to obtain health services that were previously unaffordable.[@R20] However, in the context of an EVD outbreak, fear of infection or a lack of trust in the health system may limit the demand for these services.

In the 2018 EVD outbreak in the Equateur province of DRC, the Ministry of Public Health quickly implemented a temporary FCP in the three EVD affected health zones as well as in four neighbouring health zones, primarily motivated by the first of the benefits described above.[@R21] The implementation was supported by the ongoing Health System Strengthening for Better Maternal and Child Health Results Project funded by the World Bank.[@R21] In this paper, we evaluate the effect of the FCP on the use of health services at primary health centres (PHCs) in Equateur province using routinely collected administrative data.

Methods {#s2}
=======

Context {#s2-1}
-------

The DRC is among the largest and most populous countries in Africa and also has some of the worst health indicators in the region.[@R22] The health system is highly decentralised and is challenged with very low levels of funding.[@R23] To compensate, the health system relies heavily on user fees for financing. However, as over 60% of the population live in poverty, user fees represent a major barrier to health service utilisation.[@R23] The DRC has 26 provinces which are subdivided into 516 health zones. Each health zone is further subdivided into health areas, each of which is equipped with health centres to provide primary health services.[@R23]

In 2018, the DRC experienced two separate EVD outbreaks: the first happened in Equateur province, followed by a second in the eastern region of the country a few months later.[@R25] The first, which was declared on May 8, initially began in the Ikoko-Impenge health area in the Bikoro health zone, where two cases of fever were confirmed to be EVD and 17 community deaths had been reported.[@R26] By May 14, a total of 41 cases and 20 deaths were reported, including probable cases from the Iboko and Wangata health zones, a distance of nearly 150 km, raising concerns of widespread transmission.[@R27] In response to the outbreak, the DRC Ministry of Public Health, in partnership with the WHO, established a social awareness campaign and delivered personal protective equipment to the region by May 11. On May 21, vaccination campaigns were launched targeting front-line health workers, individuals exposed to confirmed EVD cases and contacts of these individuals.[@R27] Additionally, to encourage people at risk to seek medical care and improve surveillance in the community, the Ministry of Public Health implemented a temporary FCP in the health areas affected by the EVD epidemic as well as in nearby health zones, beginning in June 2018.[@R21] The outbreak infected a total of 54 people and led to 33 deaths, including two health workers, before being declared over on July 24, with cases remained localised to the three health zones.[@R28]

Study setting {#s2-2}
-------------

We conducted a retrospective, controlled interrupted time-series (ITS) study using monthly data to estimate changes in the level and trend in the rate of health service utilisation between January 2017 and January 2019 at PHCs during the Equateur province outbreak. Controlled ITS is a very strong quasi-experimental study design that can be used with routinely collected health system data.[@R29] Within Equateur province, cases of EVD were reported in 3 of the 18 health zones: Bikoro (rural), Iboko (rural) and Wangata (urban). Along with these affected zones, four neighbouring health zones (Bolenge, Ingende, Ntondo and Mbandaka) also received the FCP, which was in effect between June and September 2018 ([figure 1](#F1){ref-type="fig"}). FCP covered consultations and medications for EVD and other health conditions in the targeted areas. Payments were made from the government to public health facilities (health centres and hospitals) to support the health workers and the maintenance of the facilities, using an existing payment platform that had previously been established to support a results-based financing programme in the area. The government also distributed medicines covered by the FCP to public facilities.[@R21] We confirmed the enactment and implementation dates of the FCP with both provincial health administrators and local healthcare workers in Equateur province.

![Map of health zones by status of free care policy (FCP) and Ebola virus disease (EVD) (probable and confirmed) cases in Equateur province, Demographic Republic of Congo, 5 April--24 July 2018.](bmjgh-2019-002119f01){#F1}

Data source and outcomes {#s2-3}
------------------------

We extracted monthly data from the Health Management Information System (HMIS), an national electronic data collection system based on the District Health Information System 2 (DHIS2) platform.[@R30] Data in this system are input from health facilities' monthly health service use reports at district health offices. Significant efforts have been launched in the DRC to improve the quality of HMIS data, including continual quality assessment activities at both the health zone and facility levels and incentives for report submission and completion.[@R30] HMIS data have been used to retroactively evaluate the impact of the West African EVD outbreak on health service utilisation,[@R1] and to evaluate the impact of other policies in other low-income and middle-income countries contexts using ITS analysis.[@R32]

For each PHC, we extracted the number of visits for the following health services:

1.  *Overall*: (1) total clinic visits.

2.  *Common infectious diseases*: (2) uncomplicated pneumonia cases diagnosed; (3) uncomplicated diarrhoea cases diagnosed; and (4) uncomplicated malaria cases diagnosed.

3.  *Maternal health*: (5) institutional deliveries; (6) first and (7) fourth antenatal care visits; (8) postnatal care visits within 6 days of birth.

4.  *Vaccination*: (9) first doses of diphtheria-tetanus-pertussis vaccine (DTP) administered.

Each health facility reported each of the indicators on a monthly basis. To enable comparisons between health zones, monthly counts were modelled as per-capita monthly rates using the estimated catchment populations for each facility reported in the HMIS.

These indicators were selected as they represent the majority of health services delivered in PHCs (79% of total visits) and had the highest level of data completeness. Although routine immunisations and malaria rapid diagnostic testing had been curtailed during the outbreak due to EVD transmission concerns, we included these indicators to monitor the overall use of health services in the general population in the context of the EVD outbreak. The research protocol was approved by the Ethics Committees at Wilfrid Laurier University (Canada) and Kinshasa School of Public Health (DRC).

Statistical analyses {#s2-4}
--------------------

We tested the following hypotheses: (1) Was the FCP associated with significant changes in health services utilisation at PHCs in both EVD affected and non-EVD affected health zones? If so, what were the magnitude of these changes? (2) Were the changes in health service utilisation sustained throughout the period of the FCP implementation and afterwards? (3) Were there any differential effects of the FCP in EVD vs non-EVD health zones? (4) Were some health services more affected by the FCP than others?

Our analysis included the PHCs in two intervention groups that received the FCP: three EVD affected health zones (EVD and FCP), as well as in the four neighbouring health zones that received the FCP but were not directly affected by EVD (FCP only). PHCs in the remaining health zones within Equateur province were included as the control group (neither). We fit our models using a two-level mixed-effects negative binomial model to adjust for the clustering of observations from the same health centres over time, and to correct for over-dispersion. All of our models included random intercepts for clinic in order to account for heterogeneity of clinic visit volumes, and an autoregressive structure of one period to account for potential correlation between observations over time. We defined three time periods: pre-intervention (January 2017--March 2018), intervention (June--September 2018) and post-intervention (October 2018--January 2019) based on the timing of the FCP. We excluded the first 2 months of the outbreak (April and May 2018)[@R28] from our analysis, as the time period between the onset of the outbreak and the implementation of the FCP was too short to independently test for time trends. Each indicator was analysed for level and slope over time, changes in immediate (level) and gradual (slope) in the intervention and post-intervention period, and the interaction of these changes with the different study groups (EVD and FCP, FCP only, neither). PHCs were excluded from each analysis if data were missing for two or more consecutive months in either the pre-FCP (October 2017 and March 2018), or during EVD and FCP (April and September 2018) periods. Thus, we excluded PHCs from one health zone (Makanza) that had neither EVD nor FCP due to lack of consistent reporting. We identified outliers and excluded a PHC for a specific indicator if their reported data exceeded eight SD from the mean time trend (\<0.5% of the sample). Due to this rule about missing data, number of PHCs included in each study group varied by indicator. The samples of PHCs for each indicator is included in [online supplementary table s1a and s1b](#SP1){ref-type="supplementary-material"}. We then conducted separate controlled ITS analysis for each of the nine indicators. Missing data were accounted for using standard maximum likelihood estimation in the mixed-effects models.
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Additionally, in order to estimate the absolute change of each outcome compared to the counterfactual estimate without the FCP, we used the non-linear (exponential) combination of estimate parameters from the two-level mixed-effects negative binomial model and applied bootstrapping method to construct confidence intervals around the predicted absolute changes in outcome. We simulated data based on the estimates with normally distributed error using bootstrap statistics with 10 000 resamples within each group. All analyses were conducted using SAS V.9.4.[@R34]

Patient and public involvement {#s2-5}
------------------------------

This research was done without patient involvement. Patients were not invited to comment on the study design and were not consulted to develop patient relevant outcomes or interpret the results. Patients were not invited to contribute to the writing or editing of this document for readability or accuracy.

Results {#s3}
=======

As shown in [table 1](#T1){ref-type="table"}, we found that the FCP was associated with changes in the utilisation of many types of services, majority were similar in both the health zones with EVD and in neighbouring health zones with FCP only.

###### 

Parameter estimates for effect of FCP on rates of overall clinic visits, visits for pneumonia, institutional deliveries and first dose of diphtheria-tetanus-pertussis vaccinations in the Equateur province, DRC, from January 2017 to January 2019

                                                                                     Overall clinic visits   Pneumonia diagnosis   Institutional deliveries   DTP first dose                                                                        
  ---------------------------------------------------------------------------------- ----------------------- --------------------- -------------------------- ---------------- --------- -------------- ------ ------- -------------- ------ ------ --------------
  Effect of FCP                                                                                                                                                                                                                                     
  Immediate difference between facilities in intervention areas vs control (level)                                                                                                                                                                  
   EVD and FCP                                                                       2.7                     \<0.001               2.2 to 3.2                 2.1              \<0.001   1.5 to 2.9     1.3    0.004   1.1 to 1.5     1.3    0.09   0.96 to 1.8
   FCP only                                                                          2.7                     \<0.001               2.2 to 3.1                 4.1              \<0.001   2.9 to 5.9     1.2    0.01    1.0 to 1.4     1.2    0.06   0.99 to 1.5
  Gradual difference between facilities in intervention areas vs control (slope)                                                                                                                                                                    
   EVD and FCP                                                                       0.91                    0.003                 0.86 to 0.97               1.0              0.94      0.90 to 1.1    1.0    0.83    0.96 to 1.1    0.99   0.80   0.90 to 1.1
   FCP only                                                                          0.90                    \<0.001               0.85 to 0.95               0.79             \<0.001   0.71 to 0.87   0.99   0.75    0.94 to 1.1    0.99   0.78   0.93 to 1.1
  Post-FCP                                                                                                                                                                                                                                          
  Immediate difference between facilities in intervention areas vs control (level)                                                                                                                                                                  
   EVD and FCP                                                                       0.79                    0.02                  0.65 to 0.96               0.58             0.001     0.42 to 0.81   0.87   0.10    0.73 to 1.0    1.2    0.38   0.84 to 1.6
   FCP only                                                                          0.82                    0.05                  0.68 to 1.0                0.77             0.16      0.54 to 1.1    0.90   0.21    0.76 to 1.1    1.0    0.77   0.83 to 1.3
  Gradual difference between facilities in intervention areas vs control (slope)                                                                                                                                                                    
   EVD and FCP                                                                       1.0                     0.26                  0.97 to 1.1                1.0              0.75      0.89 to 1.2    1.0    1.0     0.93 to 1.1    0.97   0.71   0.85 to 1.1
   FCP only                                                                          1.1                     0.12                  0.98 to 1.2                1.3              \<0.001   1.1 to 1.5     1.0    0.53    0.95 to 1.1    1.0    0.84   0.92 to 1.1
  Effect of FCP: absolute change compared to pre-EVD                                                                                                                                                                                                
   EVD and FCP                                                                       65.3                                          46.7 to 91.3               5.8                        3.4 to 10.1    0.69           0.53 to 0.89   0.41          0.29 to 0.57
   FCP only                                                                          48.4                                          35.5 to 65.9               6.6                        3.8 to 11.3    0.50           0.37 to 0.68   0.24          0.19 to 0.30

DRC, The Democratic Republic of Congo; DTP, diphtheria-pertussis-tetanus vaccine; Est, estimate of absolute change per 1000 catchment population; EVD, Ebola virus disease; FCP, free care policy; IRR, incidence rate ratio.

Overall {#s3-1}
-------

Relative to control health zones, rates of total clinic visits increased substantially in FCP health zones following the start of the EVD outbreak and we see similar increases in both the EVD and FCP health zones and the FCP-only health zones. As shown in [figure 2](#F2){ref-type="fig"}, visit rates increased more than twofold in EVD and FCP health zones (incidence rate ratio (IRR): 2.7, 95% CI: 2.2--3.2, p\<0.001) and FCP-only health zones (IRR: 2.7, 95% CI: 2.2--3.1, p\<0.001). However, this large increase in visit rates was not maintained over the implementation period (EVD and FCP: IRR: 0.91, 95% CI: 0.86--0.97, p=0.003; FCP only: IRR: 0.90, 95% CI: 0.85--0.95, p\<0.001). Following the end of the FCP, the level of total clinic visits dropped by 21% in EVD and FCP health zones (95% CI: 0.65--0.96, p=0.02) and by 18% in FCP-only health zones (95% CI: 0.68--1.0, p=0.05) compared to the FCP period, with no significant change in trend after the FCP ended (EVD and FCP: IRR: 1.0, 95% CI: 0.97--1.1, p=0.26; FCP only: IRR: 1.1, 95% CI: 0.98--1.2, p=0.12).

![Mean monthly rate of overall clinic visits in health zones by intervention groups and control in Equateur province, January 2017 to January 2019. EVD, Ebola virus disease; FCP, free care policy.](bmjgh-2019-002119f02){#F2}

Common infectious diseases {#s3-2}
--------------------------

Similar to overall clinic visits, the FCP was associated with a large increase in visits for pneumonia and diarrhoea, and to a smaller extent for malaria visits. [Figure 3](#F3){ref-type="fig"} shows the model results for the rate of clinic visits for pneumonia. Compared to facilities in control health zones, clinic visits for pneumonia doubled at the beginning of FCP in EVD and FCP health zones (IRR: 2.1, 95% CI: 1.5--2.9, p\<0.001) and quadrupled in FCP-only health zones (IRR: 4.1, 95% CI: 2.9--5.9, p\<0.001). During the implementation period, visits for pneumonia in EVD and FCP health zones had no significant change (IRR: 1.0, 95% CI: 0.90--1.1, p=0.94) while the rate decreased over time in FCP-only health zones (IRR: 0.79, 95% CI: 0.71--0.87, p\<0.001). Following the end of the FCP, the level of pneumonia visits decreased by 42% in EVD and FCP health zones (p=0.001), with no significant difference in the trend in subsequent months (IRR: 1.0, 95% CI: 0.89--1.2, p=0.75). The 23% decrease in FCP-only health zones was not statistically significant (IRR: 0.77, 95% CI: 0.54--1.1, p=0.16) and the trend reversed after the end of the policy (IRR: 1.3, 95% CI: 1.1--1.5, p\<0.001). Changes in the levels and trends of visits for diarrhoea following FCP implementation and cessation were similar to pneumonia in the EVD and FCP health zones, while increase in visits for diarrhoea was less drastic than pneumonia in FCP-only health zones. The FCP was associated with an increase in visit rates for malaria in FCP-only health zones (IRR: 1.5, 95% CI: 1.1--2.1, p=0.02) but not in the EVD and FCP health zones (IRR: 1.1, 95% CI: 0.69--1.7, p=0.72) (see [online supplementary appendix](#SP1){ref-type="supplementary-material"}).

![Mean monthly rate of clinic visits for pneumonia in health zones by intervention groups and control in Equateur province, January 2017 to January 2019. EVD, Ebola virus disease; FCP, free care policy.](bmjgh-2019-002119f03){#F3}

Maternal health {#s3-3}
---------------

The FCP had a comparatively moderate effect on the utilisation of maternal health services both in the EVD and FCP health zones and the FCP-only health zones which varied by service type. [Figure 4](#F4){ref-type="fig"} shows the model results for institutional deliveries. Compared to control zones, deliveries at clinics increased in all of the FCP health zones immediately following the implementation of the policy (EVD and FCP: IRR: 1.3, 95% CI: 1.1--1.5, p=0.004; FCP-only: IRR: 1.2, 95% CI: 1.1--1.4, p=0.01), but the increase did not continue over the whole implementation period (EVD and FCP: IRR: 1.0, 95% CI: 0.96--1.1, p=0.83; FCP only: IRR: 0.99, 95% CI: 0.94--1.1, p=0.75). The decreases in the institutional delivery rate at the end of FCP were not statistically significant in EVD and FCP health zones (IRR: 0.87, 95% CI: 0.73--1.0, p=0.10) nor in FCP-only health zones (IRR: 0.90, 95% CI: 0.76--1.1, p=0.21), and there was no change in the rate after the policy ended (EVD and FCP: IRR: 1.0, 95% CI: 0.93--1.1, p=1.0; FCP only: IRR: 1.0, 95% CI: 0.95--1.1, p=0.53). FCP had a similar effect on first antenatal care visits, but not on fourth antenatal care visits and postnatal care visits (see [online supplementary appendix](#SP1){ref-type="supplementary-material"}).

![Mean monthly rate of institutional delivery at primary health facilities in health zones by intervention groups and control in Equateur province, January 2017 to January 2019. EVD, Ebola virus disease; FCP, free care policy.](bmjgh-2019-002119f04){#F4}

Vaccination {#s3-4}
-----------

[Figure 5](#F5){ref-type="fig"} shows the results for the administration of first doses of the DTP vaccine. Reporting of routine immunisation in the EVD and FCP health zones was predominantly from the Wangata health zone. Compared to control health zones, DTP immunisation had no significant change in the EVD and FCP health zones (EVD and FCP: IRR: 1.3, 95% CI: 0.96--1.8, p=0.09) and marginal increase in FCP-only health zones (IRR: 1.2, 95% CI: 0.99--1.5, p=0.06). No significant changes were found in the trends nor level after the FCP ended.

![Mean monthly rate of administration of first dose of diphtheria-tetanus-pertussis vaccinations in health zones by intervention groups and control in Equateur province, January 2017 to January 2019. Note: Ebola outbreak and free care policy (FCP) health zones contain health centres from predominantly the Wangata health zone; analysis included no facility from Iboko health zone. EVD, Ebola virus disease.](bmjgh-2019-002119f05){#F5}

Discussion {#s4}
==========

During disease outbreaks, maintaining the use of health services is important both for diagnosing diseases and ensuring continuity of care for other health issues. We found strong evidence that a FCP implemented in the DRC during an ongoing EVD outbreak associated with large increases in the rate of utilisation of health services in PHCs. The magnitude of this increase was similar in the EVD zones compared to neighbouring zones with the FCP but no EVD. Our findings are consistent with previous studies that found short term effects of FCPs in other African contexts,[@R19] but in stark contrast to the finding that fear and a lack of trust greatly curbed health service utilisation in the West African EVD outbreak.[@R6]

Despite the increase in the use of health services, the FCP was not equally effective for all indicators. The largest increase was observed in curative visits for pneumonia and diarrhoea, while increases in the treatment of malaria were observed only in the FCP-only zones. Preventative services such as first antenatal visit and institutional delivery showed more modest increases. This pattern generally aligns with other FCP studies that have shown greater effectiveness for curative services than preventative services.[@R15] Studies from West Africa also suggest the use of curative services recovered and rebounded earlier in the post-outbreak period,[@R5] compared to preventative services.[@R1] Due to the concern of EVD transmission, health facilities may have curbed the delivery of services that involved needles or blood extraction.[@R36] Indeed, the Chief Medical Officer of Bikoro health zone reported that EVD responders recommended that, during the epidemic, routine immunisation, elective surgeries and malaria rapid diagnostic testing be curbed in the epicentre health zones (Dr B Loleka, oral communication, 8 May 2019). The restriction in routine immunisation in the epicentre may have also contributed to reduced reporting on immunisation and malaria diagnosis during the EVD outbreak. Although these services were not targeted by the FCP, we found some evidence that DTP vaccination and malaria diagnosis did not decrease during the EVD period in the reporting PHCs, suggesting that such activities were maintained in areas outside of the EVD epicentre.

Our findings also highlight some potential challenges in implementing FCPs. The rapid increases in the use of services following the implementation of the policy attenuated over the following 3 months which may be a result of the disruption of the FCP on the local health system.[@R37] In particular, the sudden increase in demand for primary health services may have overstretched the limited human resources,[@R38] or disrupted regular operations due to the changes in reimbursements paid to health workers and budgetary constraints during the FCP implementation.[@R39] These impacts should be considered in future uses of FCP-type policies designed to mitigate the impact of infectious disease outbreaks.

Our findings also provide some insights that could be useful to decision-makers contemplating setting up similar policies in other infectious disease outbreak contexts, for example, countries currently deciding how to respond to the pandemic of COVID-19. First, we demonstrate that the policy was effective soon after implementation which was likely due in part to the presence of an existing payment structure that had previously been established in the region and that could quickly be leveraged for this programme. Without such a platform, it may be challenging for other countries to implement such a policy in a rapid manner. Second, while the intent had always been for the policy to be temporary, our findings suggests that the effectiveness of the policy began to wane soon after implementation, potentially as a result of the lack of longer-term planning. Decision-makers should try to better balance the need for short-term effectiveness with the sustainability of the policy, in particular when it is uncertain at the onset how long an outbreak will last.

Our study has a number of limitations that should be considered when interpreting our results. First, our sample included only health centres and did not include all health facilities. As health centres are the formal health system structure that provide primary health services, we did not include health posts, which provide mainly community health services and health promotion activities.[@R40] Our sample also excluded hospitals and private health facilities. As private facilities are not directly governed by the Ministry of Public Health, their reporting of routine health data is limited. It was not possible for us to include hospitals as their reporting in some health zones was very inconsistent during the outbreak. However, in the Appendix we present data from select hospitals and note that similar increases in use of health services were also observed. Second, there was a small increase in missing data during the first few months of the EVD outbreak, particularly in vaccination and malaria diagnosis. As we excluded health centres with consecutive missing data in this period, our samples for these two indicators did not include all EVD health zones. Hence, our findings on vaccination and visits for malaria diagnosis may not be generalisable to the entire EVD outbreak area. Third, we were unable to include an estimate of the level and trend changes following the Ebola outbreak as there were only 2 months between the outbreak and the start of the FCP. Finally, it is possible that the intervention may have had led to some spillover effects into neighbouring health zones which we are not able to fully control for in our analysis. However, the challenging terrain and large distances to health facilities may have limited spillover effects. Plus, if such spillover effects had happened, it is unclear which direction they would have gone, and could have even made it less likely that we were to find an effect.

Conclusion {#s5}
==========

In conclusion, our study demonstrates that the introduction of a FCP was strongly associated with rapid increases in the use of health services, in particular in zones with both the policy and EVD. This is in contrast to prior EVD outbreaks, wherein countries did not implement FCPs at scale and saw large declines in the use of health services, suggesting that such policies may be effective at mitigating the impact of future EVD outbreaks. However, the increases were not uniform across all health services and the rapid increases in the use of health services did not continue over the full FCP period. FCPs may be an effective way to mitigate the impact of future outbreaks, including the current pandemic of COVID-19 that is now threatening many countries including the DRC, on population health, however, more research is needed to better understand the impact in different contexts and how such policies can be effective over time.
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